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Registration of Eight Selected BS11 Maize Germplasm Populations
Abstract
Eight maize (Zea mays L.) populations were developed cooperatively by the USDA-ARS and the Iowa
Agriculture and Home Economics Experiment Station. The populations were developed as part of a larger
breeding methods study conducted in the BSll maize population. Hallauer et al. (2) released BSll(FR)C2 after
two cycles of full-sib reciprocal recurrent selection using BS10 as the tester population. Population BS1 I,
originally designated as Pidneer Two-ear Composite, was developed by W.L. Brown at Pioneer Hi-Bred
International by crossing southern prolific germplasm with U.S. Corn Belt lines (2). The main objective of the
breeding methods study was to evaluate ¯ response to seven recurrent selection methods, after five cycles of
selection, in a common base population. The study was unique, in that the responses to seven recurrent
selection methods were compared in a common base population (BSll) by using the same selection intensity
(20%) and the same effective population size (20) for all methods. A second objective of the breeding
methods study was to evaluate the effect of population size on recurrent selection. Four effective population
sizes (5, I0, 20, and 30) were studied by using the S1 recurrent selection method. The selection intensity was
20% for all effective population sizes, so the number of progenies evaluated varied from 25 to 150. For all
recurrent selection programs, progenies were evaluated for 1 yr at three locations, with two replications per
location. Selections were made on the basis ofa heritability index (3). Traits included in the index were grain
yield, grain moisture, root lodging, and stalk lodging. Populations developed from the study are described
below.
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Registration of Eight Selected BSll Maize
Germplasm Populations
Eight maize (Zea mays L.) populations were developed
cooperatively by the USDA-ARS and the Iowa Agriculture and
Home Economics Experiment Station. The populations were
developed as part of a larger breeding methods study conducted in
the BSll maize population. Hallauer et al. (2) released
BSll(FR)C2 after two cycles of full-sib reciprocal recurrent
selection using BS10 as the tester population. Population BS1 I,
originally designated as Pidneer Two-ear Composite, was
developed by W.L. Brown at Pioneer Hi-Bred International by
crossing southern prolific germplasm with U.S. Corn Belt lines (2).
The main objective of the breeding methods study was to evaluate
¯ response to seven recurrent selection methods, after five cycles of
selection, in a common base population. The study was unique, in
that the responses to seven recurrent selection methods were com-
pared in a common base population (BSll) by using the same
selection intensity (20%) and the same effective population size
(20) for all methods. A second objective of the breeding methods
study was to evaluate the effect of population size on recurrent
selection. Four effective population sizes (5, I0, 20, and 30) were
studied by using the S1 recurrent selection method. The selection
intensity was 20% for all effective population sizes, so the number
of progenies evaluated varied from 25 to 150. For all recurrent
selection programs, progenies were evaluated for 1 yr at three
locations, with two replications per location. Selections were made
on the basis ofa heritability index (3). Traits included in the index
were grain yield, grain moisture, root lodging, and stalk lodging.
Populations developed from the study are described below.
BS 11 (5-S 1)C5 (Reg no. GP-336, P1595613) was developed 
five cycles of Sl recurrent selection. The general procedure was to
self approximately 50 So plants in the winter nursery. Twenty-five
random S~ ears with adequate seed set were evaluated in yield
trials. Remnant SI seed of the five selected lines was intermated in
the winter nursery by using the bulk-entry method. The resulting
Syn-l population was random mated, by chain sibbing 300 to 400
plants, to form the Syn-2 population. The Syn-2 population was
used to initiate the next cycle of selection. Two years were needed
to complete one cycle of selection. This procedure was repeated
until the BS11(5-S1)C5 Syn-2 population was formed. Progress
from selection has been evaluated through Cycle 4. The BSI 1(5-
S1)C4 population is significantly lower yielding than BSI1C0,
probably because of inbreeding depression due to small effective
population size (Table 1). BS11(5-S1)C4 has significantly greater
resistance to root and stalk lodging, lower plant and ear height, and
is earlier flowering than BS11C0.
BS11(10-S1)C5 (Reg no. GP-335, PI 595612) was developed
by five cycles of S1 recurrent selection by using a procedure
similar to that used to develop BS 11(5-S1)C5. The main difference
is that 50 lines were evaluated from each cycle and 10 selected
lines were intermated to form the next cycle population. The
BS11(10-S1)C4 population has been significantly improved, 
comparison with BS 11 CO, for all agronomic traits. Improvements
were noted for the traits increased grain yield, reduced grain
moisture at harvest, increased resistance to stalk lodging, and earlier
silk emergence.
BS11(20-S1)C5 (Reg. no. GP-334, PI 595611)was developed
by five cycles of S1 recurrent selection by using a procedure
similar to that used in BS11(5-S1)C5. The major difference was
that 100 progenies were evaluated, and 20 selected lines were
intermated to form the next cycle population. Population
BS11(S1)C5 is agronomically one of the best populations of the
group. Grain yield of BSI 1(S1)C5 is similar to that of BSI 1(10-
S1)C4 and has slightly wetter grain at harvest, but has significantly
greater resistance to root and stalk lodging, lower plant and ear
height, and has earlier silk emergence.
BS11(30-S1)C5 (Reg. no. GP-333, PI 595610) was developed
by five cycles of S~ recurrent selection by a procedure similar to
that used for development of BS 11 (5-S 1)C5. The major difference
was that 150 progenies were evaluated, and 30 selected lines were
intermated to form the next cycle population. The BS11(30-S1)C4
population is similar to that ofBS11(10-S1)C4 for grain yield and
other agronomic traits, except that it has slightly earlier silk
emergence and higher grain moisture at harvest.
Table 1. Means for grain yield and other agronomic traits for BSllC0, eight populations derived from BSllC0 by recurrent selection,
and four check hybrids averaged over four locations in each of three years.
Reg. PI Grain Lodging Dropped Height Silk
Population no. no. Yield Moisture Root Stalk ears Plant Ear emergence
Mg ha-1 g kg-1 ~ % ~ ~ cm ~ GDU (°C)
BSllC0 4.69 237 6.1 20.0 1.0 246 134 894
BS11(5-S1)C5~" GP-336 PI 595613 3.92 239 3.2 17.6 1.3 231 114 871
BSII(10-S1)C5~" GP-335 PI 595612 5.26 216 4.2 13.9 0.6 230 114 869
BS11(20-S1)C5 GP-334 PI 595611 5.21 221 0.6 9.3 0.5 209 100 820
BSII(30-S1)C5~ GP-333 PI 595610 5.25 225 3.0 15.4 0.8 229 116 852
BSI 1($2)C5~f GP-332 PI 595609 5.59 224 2.5 11.8 1.1 230 117 835
BSI I(MER)C5 GP-329 PI 595606 5.50 226 2.7 10.6 1.2 242 124 863
BS11(HI)C5~" GP-331 PI 595608 4.93 229 1.0 I 1.1 1.2 223 113 851
BS11(FS)C5 GP-330 PI 595607 4.87 222 1.7 9.3 0.5 213 102 849
B73 x B95 5.95 222 3.8 11.2 1.0 235 122 853
B79 x B77 6.30 238 1.5 18.6 1.7 234 122 851
B73 x Mo17 7.17 211 2.7 7.2 1.1 234 117 829
B79 x Molt 7.63 212 0.9 15.3 0.7 223 120 811
LSD (0.05)
Co vs. Cn:[: 0.25 4 1.5 2.3 0.4 3 3 12
Cn vs. Cn§ 0.35 6 2.1 3.2 0.6 5 4 17
Performance data are for the C4 population (C5 data not available); registration and PI numbers apply to the
LSD for comparing selected populations and checks with BS 11C0.
LSD for comparing selected populations and checks with each other.
C5 populations as listed.
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BSl 1(S2)C5 (Reg. no. GP-332, PI 595609) was developed by
five cycles of 82 recurrent selection. The general procedure was to
self 200 to 300 So plants in the winter nursery. The following
summer the Si lines were grown ear-to-row in the breeding
nursery. All rows were inoculated at the 8- to 10-leaf stage with
European corn borer larvae [Ostrinia nubilalis (Hiibner)] and rated
before anthesis for resistance to whorl-leaf feeding. Generally, 30
to 50% of the lines were discarded before anthesis on the basis of
resistance to whorl-leaf feeding and other agronomic traits such as
plant and ear height, and disease resistance. Three to five plants
were self-pollinated within each of the remaining lines. At harvest,
seed from an ear of a single plant was kept for inclusion in yield
trials. Criteria for choosing among pollinated plants within a row
included seed set, ear rots, and lodging. Remnant 82 seed of the 20
selected lines was intermated by using the bulk-entry method. The
resulting Syn-1 population was random mated, by chain sibbing
300 to 400 plants, to form the Syn-2 population. The next cycle of
selection was initiated by using the Syn-2 population. Three years
were needed to complete one cycle of selection. This procedure
was repeated until the BSl 1(S2)C5 Syn-2 population was formed.
The BSl 1(S2)C4 population is the highest yielding population of
the group. For other agronomic traits, the population is similar in
performance to BSl 1(30-S1)C4, except that it is more resistant to
stalk lodging and has earlier silk emergence.
BSl 1(MER)C5 (Reg. no. GP-329, PI 595606) was developed
by five cycles of modified ear-to-row selection. The procedure was
similar to the one suggested by Compton and Comstock (1), in that
there was selection on both the male and female gametes and 2 yr
were needed to complete one cycle of selection. Progenies were
developed for the first cycle of selection by harvesting 100 ears
from a population allowed to open-pollinate in isolation and
evaluating the half-sibs in yield trials the following year. The 20
selected families were intermated by planting remnant half-sib seed
ear-to-row in isolation as females and planting a bulk of the 20
selected families as the male. Five ears, selected on the basis of
grain yield and other agronomic traits, were harvested from each
of the 20 female rows. The 100 ears were planted in yield trials the
following year as the evaluation phase of the next cycle of
selection. The Syn-1 population was formed by harvesting an equal
number of ears (10 to 15) from each female and bulking equal
quantities of seed from each ear. The resulting Syn-1 population
was random mated, by chain sibbing 300 to 400 plants, to form the
Syn-2 population. The BS11(MER)C5 population is similar in
performance to BSl 1(S2)C4, except that is has slightly taller plant
and ear heights, and has later silk emergence.
BSl 1(HI)C5 (Reg. no. GP-331, PI 595608) was developed by
five cycles of half-sib selection using the inbred tester B79. The
general procedure was to self 200 to 300 So plants in the winter
nursery. The resulting Si lines were planted ear-to-row in the
summer breeding nursery. Lines were inoculated with European
corn borer larvae and evaluated for resistance to whorl-leaf feeding
before anthesis. Approximately 30 to 50% of the lines were
discarded before anthesis. Two plants in the remaining lines were
selfed and each was crossed to four plants of B79. At harvest, only
one selfed ear was retained and the corresponding testcross seed
was kept for evaluation. Remnant Si seed of the 20 selected lines
was intermated by the bulk-entry method. The resulting Syn-1
population was random mated, by chain sibbing 300 to 400 plants,
to form the Syn-2 population. The next cycle of selection was
initiated by using the Syn-2 population. Three years were needed
to complete one cycle of selection. This procedure was repeated
until the BS11(HI)C5 Syn-2 population was formed. Grain yield
of BS11(HI)C4 was not significantly improved compared to
BSl ICO, however, improvements were made for other agronomic
traits.
BSl 1(FS)C5 (Reg. no. GP-330, PI 595607) was developed by
five cycles of intrapopulation full-sib selection. For the first cycle
of selection, full-sib families were developed in the winter nursery.
The following summer, 100 full-sib families were evaluated, and
the best 20 families were selected. Remnant seed of the 20 selected
full-sib families was self-pollinated in the winter nursery to produce
Sj's of the fiall-sib families. The following summer, Si seed within
each full-sib family was bulked and used for intermating by the
bulk-entry method. Simultaneously, full-sib families were
developed for evaluation for the next cycle of selection by making
up five sets of reciprocal full-sibs per pair in the bulk-entry
intermating. Thus, one cycle of selection was completed in 2 yr.
BS11(FS)C5 was not significantly higher yielding than BSl ICO.
BS11(FS)C5, however, was significantly lower than BSl ICO for
grain moisture at harvest, had increased resistance to root and stalk
lodging, had lower plant and ear heights, and was earlier to silk.
Five of the eight populations had significantly higher grain yield
than BSl ICO, the exceptions being BSl 1(FS)C5 and BSl 1(HI)C4,
which were not different from BS11 CO, and BS11 (5-S1 )C4, which
was significantly lower yielding than BSl ICO. Except for BSl 1(5-
S1)C4, all populations had significantly lower grain moisture at
harvest than BSl ICO. Recurrent selection significantly improved
resistance to root and stalk lodging, reduced plant and ear heights,
and decreased the growing degree units required for silking in all
populations. The amount of change, however, varied with selection
method. With the exception of grain yield, the populations were
similar in performance to the four open-pedigree hybrid checks
included in the experiment.
These eight versions of BSl 1 can be used as sources of genes
and gene combinations for hybrid and population development
programs. The populations were closed to the introduction of new
germplasm and, therefore, contain only genes and gene
combinations that could be derived from the original BSl ICO
population. We do not have detailed data on the combining ability
of the populations, although BS 11 populations tend to combine best
with nonStiff Stalk testers. They may, however, combine equally
well with some Iowa Stiff Stalk testers. Breeder seed of these
populations is maintained by the Corn Insects and Crop Genetics
Res. Unit, USDA-ARS, Ames, IA. Public scientists may request
seed (500 seeds per request) from the corresponding author.
Commercial scientists may request seed (500 seeds per request)
from the Committee for Agricultural Development, 23 Curtiss Hall,
Iowa State University, Ames, IA 50011.
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